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Corrosion of reinforcing steel is a main reason for the premature degradation of 
reinforced concrete structures, which has been a serious problem to be urgently 
resolved in field of corrosion science and protection engineering in modern society. 
Because of the multiphases, inhomogeneity and occlusion of concrete medium, the 
corrosion macrocell and microcell always coexist and interact during the corrosion 
process of reinforced steel in concrete, which results in extremely complexity and 
unpredictability of corrosion behavior. At present, in situ measurements of corrosion 
progress of reinforcing steel in concrete and the interaction between macrocell and 
microcell is still a difficult and challenge task to the corrosion scientists. 
According to the electrochemical principle for corrosion of reinforcing steel in 
concrete, an array electrode technique as a novel electrochemical method has been 
developed in this work. Combining with traditional electrochemical methods, the 
progress of initiation and propagation for macrocell corrosion of reinforced steel in 
concrete has been in situ followed. The characters of corrosion macrocell and 
microcell, their interaction and influencing factors have been investigated based on 
the in situ measurement of the array electrode technique. The main research progress 
can be listed as follows: 
(1) Various array electrodes which is of 10 electrodes in one dimension, 4×4, 8
×8 and 11×11 electrodes in two dimensions with matrix arrangement and insulation 
each other was developed to simulate reinforced steel in concrete by coupling total 
microelectrode. The electrochemical measurements of various array electrodes in 
concrete in 3% NaCl solution were carried out. The initiation and propagation of 
localized corrosion of reinforced steel in concrete were in situ followed and 
investigated.  
(2) The corrosion potential and galvanic current density distribution maps were 
obtained by measurement of array electrode. It was proved that passive film of 















environment was destroyed at the interface of steel/concrete. The macrocell and 
microcell of corrosion coexist and interact between each other in concrete structure 
were featured due to the high inhomogeneity and serious occlusion. The macrocell 
accelerates localized corrosion, by through destroying the steady state of original 
corrosion microcell and furthermore weakens the effect of corrosion microcell. The 
galvanic current distribution of macrocell is in good agreement with the images of 
corrosion potential. 
(3) Cathodic regions were protected by the cathodic current from vicinity 
macrocell, and its corrosion behavior was restrained. But the corrosion may quickly 
occur in these areas when the cathodic polarization was vanished because the 
coupling with anodic regions was interrupted, which was proved by the measurements 
of polarization resistance and electrochemical impedance spectroscopy for each 
individual array electrode. 
 
























问题仍然十分严重[3]。1991 年美国交通运输研究委员会（Transportation Research 
Board）在其所作的关于撒除冰盐成本报告中指出，由于氯盐诱发的钢筋腐蚀破
坏，用于桥面的修复费用每年约为 5 千万至 2 亿美元，用于桥基的修复费用每年
约为 1 亿美元，用于多层停车场的修复费用每年约为 5 千万至 1 亿 5 千万美元。
在英国，大多数现代钢筋混凝土结构基础设施建造于 20 世纪的 60～70 年代，钢
筋腐蚀造成经济损失的严重性发现得比美国晚。尽管如此，1989 年英国国家公
路局（Highway Agency)估计，仅英格兰、威尔士二岛，由撒盐除冰诱发的钢筋



















































































阳极反应   
+→− 2242 FeeFe                   (1.1) 
阴极反应 
−→++ OHeOHO 442 22             (1.2) 
阳极区生成的 Fe2+向周围孔隙液深处扩散、迁移，阴极区生成的 OH-通过混凝土
孔隙中的电解质扩散到阳极区，与阳极附近的 Fe2+反应生成 Fe(OH)2, 俗称“褐
锈”。Fe(OH)2 可被 O2 进一步氧化成 Fe(OH)3，Fe(OH)3 脱水后变成疏松、多孔
















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
